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PERMANENT MAGNET TYPE ROTARY ELECTRIC MACHINE AND 
ELECTRICALLY DRIVEN VEHICLE USING THE SAME 

BACKGROUND OF THE INVENTION 

The present invention relates to a compact, 
lightweight, high-torque permanent magnet type rotary 
electric machine suitable for use at high temperatures, and 
also to an electrically driven vehicle using the rotary 
electric machine. 

A driving motor for use in an electrically driven 
vehicle, especially, in an electric vehicle is desired to 
have a compact, lightweight configuration and high 
efficiency, because the capacity of a battery mounted on 
the electric vehicle is limited and it is necessary to 
ensure a sufficient distance traveled by the capacity of 
the battery once fully charged. 

To make a motor compact and lightweight, it is 
desired to be fit for high-speed rotation. Further, as a 
high-efficient motor, a permanent magnet motor is 
recommendable rather than a DC motor and an induction motor. 
In particular, as compared with a surface magnet motor 
having permanent magnets on the outer circumferential 
surface of a rotor, a so-called internal magnet motor 
having a permanent magnet holding portion in a steel plate, 
e.g., a silicon steel plate, having a permeability higher 
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than that of permanent magnets is suitable for the high- 
efficient motor. The reason is that the internal magnet 
motor can be operated up to high speeds by field weakening 
control and can be operated with high efficiency by field 
weakening control. 

Further, as compared with the rotor of the surface 
magnet motor, the rotor of the internal magnet motor has an 
advantage such that the rotational strength of the rotor is 
determined by the strength of the silicon steel plate, 
resulting in high reliability in high-speed rotation. An 
example of such a motor configuration is disclosed in 
Japanese Patent Laid-open No. 3-138 050. 

The motor configuration disclosed in this 
publication is such that permanent magnets are embedded in 
a rotor core formed of a magnetic material having a 
permeability higher than that of the permanent magnets, and 
that auxiliary magnetic poles composed of the permanent 
magnets and the rotor core are arranged in a 
circumferential portion of the rotor core. By forming such 
an internal magnet configuration that the permanent magnets 
are embedded in the rotor core formed of a magnetic 
material having a permeability higher than that of the 
permanent magnets, field weakening control can be performed 
and the motor can be operated with high efficiency up to a 
high-speed region. 
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However, the motor configuration disclosed in the 
above publication has no consideration on a fixing method 
for the permanent magnets, especially, on a fixing method 
for the permanent magnets in the axial direction of the 
rotor core. Although the above publication describes that 
the permanent magnets are bonded in holes, there is a 
possibility that the permanent magnets may axially escape 
from the holes because of a reduction in adhesive strength 
by bonding only in the case of a rotary electric machine to 
be operated at high temperatures. 

To cope with this problem, a pair of retainer plates 
(which will be hereinafter referred to as side rings) for 
preventing the escape of the permanent magnets are mounted 
on the axial ends of the rotor. Each side ring is formed 
of a nonmagnetic material to prevent short of magnetic flux. 
However, in the case that each side ring is formed of a 
metal material, an eddy current is generated in each side 
ring by a change in magnetic flux from stator windings, 
because of conductivity of the metal material, causing 
abnormal heating of each side ring. Accordingly, there is 
a possibility of high-temperature demagnetization of the 
permanent magnets due to the heat from each side ring. 



SUMMARY OF THE INVENTION 
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It is accordingly an object of the present invention 
to provide a permanent magnet type rotary electric machine 
which can prevent thermal demagnetization of the permanent 
magnets to thereby effect a reduction in size and weight 
and a high torque. 

It is another object of the present invention to 
provide an electrically driven vehicle using the permanent 
magnet type rotary electric machine. 

According to an aspect of the present invention, the 
outer diameter of each of a pair of retainer plates mounted 
on the axial ends of a rotor core is set smaller than the 
outer diameter of the rotor core, thereby suppressing the 
generation of an eddy current in each retainer plate due to 
magnetic flux from stator windings. 

Preferably, the difference between the outer 
diameter of the rotor core and the outer diameter of each 
retainer plate is set to 1/2 or more of the difference 
between the inner diameter of the stator core and the outer 
diameter of the rotor core. 

According to another aspect of the present invention, 
each retainer plate is formed of a metal material having a 
resistivity of 10 fi Q, cm or higher, thereby suppressing the 

generation of an eddy current in each retainer plate due to 
magnetic flux from the stator windings. 
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According to a further aspect of the present 
invention, the outer diameter of each retainer plate is set 
smaller than the outer diameter of the rotor core, and each 
retainer plate is formed of a metal material having a 

resistivity of 10 \i Q cm or higher, thereby suppressing the 

generation of an eddy current in each retainer plate due to 
magnetic flux from the stator windings. 

According to a still further aspect of the present 
invention, each retainer plate is a nonmagnetic member 
formed of a nonmetal material, thereby suppressing the 
generation of an eddy current in each retainer plate due to 
magnetic flux from the stator windings. 

According to a still further aspect of the present 
invention, there is provided an electrically driven vehicle 
comprising a battery for supplying a DC voltage; an 
inverter for converting the DC voltage supplied from the 
battery into an AC voltage; and a permanent magnet type 
rotary electric machine for outputting a drive torque for 
driving the vehicle at the AC voltage. The permanent 
magnet type rotary electric machine in this electrically 
driven vehicle is the permanent magnet type rotary electric 
machine according to the present invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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FIG. 1 is an axial sectional view of a permanent 
magnet type rotary electric machine according to a 
preferred embodiment of the present invention; 

FIG. 2 is a cross section taken along the line A- A 
in FIG. 1; 

FIG . 3 is an enlarged view of a portion B shown in 
FIG. 1; and 

FIG. 4 is a perspective view showing a schematic 
configuration of an electric vehicle using the permanent 
magnet type rotary electric machine of the present 
invention. 

[Explanation of Reference Numerals] 

1: rotary electric machine 2: stator 3: rotor 4: 
stator core 5: stator windings 6: permanent magnets 8: 
rotor core 81: side rings 9: rotating shaft 10: housing 
11: end bracket 12: bearings 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

There will now be described a permanent magnet type 
rotary electric machine and an electrically driven vehicle 
using the same according to a preferred embodiment of the 
present invention with reference to the drawings. 

FIG. 1 is an axial sectional view of a permanent 
magnet type rotary electric machine (which will be 
hereinafter referred to simply as a rotary electric 
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machine) 1 according to a preferred embodiment of the 
present invention, and FIG. 2 is a cross section taken 
along the line A-A in FIG. 1. The rotary electric machine 
1 is composed generally of a stator 2 and a rotor 3. 

The stator 2 is composed of a cylindrical housing 10, 
an end bracket 11 fixed to the housing 10 by bolts, a 
cylindrical stator core 4 fixed to the inner 
circumferential surface of the housing 10, and a plurality 
of stator windings 5 wound on the stator core 4. 

The rotor 3 is composed of a cylindrical rotor core 
8, a plurality of permanent magnets 6 inserted in a 
plurality of holes 7 formed in the rotor core 8 near its 
outer circumferential surface, a rotating shaft 9 fixed to 
the rotor core 8 at its central portion, and a pair of side 
rings 81 mounted on the axial opposite ends of the rotor 
core 8 for retaining the rotor core 8 and the permanent 
magnets 6. The rotating shaft 9 is rotatably supported at 
its opposite ends to a pair of bearings 12 fixed to the end 
bracket 11 and the housing 10. The end bracket 11 is 
screwed to be fixed to the housing 10 of the rotator 2 side. 
Each of the permanent magnets 6 is arcuate as shown in FIG. 
2, and they are arranged in the circumferential direction 
of the rotor core 8 with a given pitch. However, the shape 
of each permanent magnet 6 is merely illustrative and not 
limitative in the present invention. 
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Each side ring 81 is formed of a nonmagnetic 
material to prevent short of the magnetic flux generated by 
the permanent magnets 6. In the case that each side ring 
81 is formed of a nonmagnetic metal material, it is 
affected by a change in the magnetic flux generated by the 
stator windings 5 because of the conductivity of the metal 
material, resulting in generation of an eddy current in 
each side ring 81 to cause abnormal heating of each side 
ring 81. This heat is transmitted to the permanent magnets 
6 to possibly demagnetize the permanent magnets 6. 
Particularly in the case that each permanent magnet 6 is a 
rare-earth magnet, it has such a characteristic that 
demagnetization tends to occur at high temperatures. 
Therefore, it is necessary to prevent heating of each side 
ring 81, thereby preventing a reduction in performance of 
the rotary electric machine. 

To reduce the influence of a change in magnetic flux 
from the stator windings 5 and thereby suppress the 
generation of an eddy current, the outer diameter of each 
side ring 81 is set smaller than the outer diameter of the 
rotor core 8 . 

Such a diameter difference will now be described in 
more detail with reference to FIG. 3 which is an enlarged 
view of a portion B shown in FIG. 1. The difference 
between the outer diameter D2 of the rotor core 8 and the 
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outer diameter D3 of each side ring 81 is set preferably to 
1/2 or more of the difference between the inner diameter Dl 
of the stator core 4 and the outer diameter D2 of the rotor 
core 8 . 

The reason for this setting will now be described. 
In considering the influence of an eddy current on 
each side ring 81 as a force F acting between the stator 
core 4 and the rotor core 8, the following eguation holds. 

F = k-1/ 6 ! 2 ... (1) 

where 8 x is the difference between the inner diameter Dl 

of the stator core 4 and the outer diameter D2 of the rotor 
core 8, and k is the constant determined by a shape, a 
voltage input to the stator, etc. 

Eq. (1) also holds for the difference 8 2 between the 
outer diameter D2 of the rotor core 8 and the outer 
diameter D3 of each side ring 81, so that the relation 
between F and 6 2 is shown in Table 1. 



Table 1 



8 2 


F 


Ratio of decrease in F to 8 2 




0.5 


4k 




the same as 8 x 


0.6 


2.8k 


70% 




0.75 


1.8k 


45% 


1.5 times 6 i 


1.00 


1 . 0k 


25% 




1.25 


0. 64k 


16% 
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As understood from Table 1, the influence of an eddy 
current generated in each side ring 81 due to the magnetic 
flux generated by the stator windings 5 can be reduced to a 
half or less by setting 6 2 to a value 1.5 times or more 8 lf 

i.e., by setting the difference between the outer diameter 
D2 of the rotor core 8 and the outer diameter D3 of each 
side ring 81 to 1/2 or more of the difference between the 
inner diameter Dl of the stator core 4 and the outer 
diameter D2 of the rotor core 8. 

When the eddy current becomes a half, the loss W is 
reduced to 1/4 in accordance with the following equation. 

W = I 2 -R ... (2) 

where R is the electrical resistance. 

Accordingly, a temperature rise of each side ring 81 
is also reduced to 1/4. 

Thus, the influence of the eddy current is reduced 
in proportion to the square of a distance, so that it is 

preferable to maximize the difference 8 2 between the outer 

diameter of the rotor core 8 and the outer diameter of each 
side ring 81. 

It is sufficient to use a nonmagnetic material as 
the material of each side ring 81. However, if the 
nonmagnetic material is a material having a relatively low 
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resistivity, such as copper and aluminum, the amperage of 
the eddy current is large. Accordingly, a nonmagnetic 

metal material having a relatively high resistivity of 10 p. 

Q cm or higher, such as stainless steel, is preferable as 

the material of each side ring 81. 

An increase in resistivity means an increase in 
electrical resistance R in the following equation. 

I = E/R • • • (3) 

where E is the voltage induced to each side ring. 

In comparing aluminum (resistivity: 2.8 li Q cm) and 

stainless steel (resistivity: 10 ]i Q, cm) , the resistivity 

of stainless steel is higher than the resistivity of 
aluminum by 3.6 times. Accordingly, the amperage in 
stainless steel becomes 1/3.6 of the amperage in aluminum, 
and a temperature rise in stainless steel can be reduced to 
1/13 of that in aluminum. 

More preferably, the above-mentioned two features 
are combined. That is, the outer diameter of each side 
ring 81 is set smaller than the outer diameter of the rotor 
core 8, and the material of each side ring 81 is a metal 

material such as stainless steel having a resistivity of 10 

fi Q cm or higher, thereby enhancing the effect. 

Further, if the operating temperature condition and 
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the rotational strength of the rotary electric machine 1 
are allowed, a nonmetal material such as resin may also be 
used as the material of each side ring 81. The resistivity 
of a resin material is much higher than that of a metal 
material, so that no eddy current flows in each side ring 
81, thereby eliminating abnormal heating. In the case of 
applying a resin material to the opposite ends of the rotor 
core 8 to configure the side rings 81, a method of mounting 
platelike members of resin on the opposite ends of the 
rotor core 8 and a resin molding method of molding the 
opposite ends of the rotor core 8 with resin may be 
realized. 

Having thus described a specific preferred 
embodiment employing an internal rotor, the present 
invention is applicable alto to a rotary electric machine 
employing an external rotor or the like having a structure 
such that both sides of magnets are sandwiched by a pair of 
side rings. 

Further, the rotary electric machine of the present 
invention is effective in the case that it is used as a 
drive motor for an electrically driven vehicle. 

As an example of the electrically driven vehicle 
using the rotary electric machine of the present invention 
as a drive motor, a schematic configuration of an electric 
vehicle is shown in FIG. 4. The electric vehicle includes 
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a rotary electric machine 10 according to the present 
invention, a battery 20 for supplying a DC voltage, an 
inverter 30 for converting the DC voltage supplied from the 
battery into an AC voltage, and a control unit 40 for 
controlling a drive torque and a rotating speed of the 
rotary electric machine 10. Accordingly, the drive wheels 
of the vehicle are driven by the rotary electric machine 10 
with a given torque and rotating speed controlled by the 
control unit 40. 

The rotary electric machine of the present invention 
can suppress a temperature rise as compared with a 
conventional rotary electric machine. Accordingly, the 
rotary electric machine of the present invention can be 
reduced in size to contribute to mountability on the 
vehicle and weight reduction of the vehicle, thereby 
improving the performance of the vehicle. 

According to the present invention, thermal 
demagnetization of the permanent magnets can be prevented 
to thereby effect a reduction in size and weight of the 
permanent magnet type rotary electric machine and also 
effect a high torque thereof. 

Further, by applying the permanent magnet type 
rotary electric machine of the present invention to an 
electrically driven vehicle, the vehicle can be reduced in 
weight to thereby improve the performance of the vehicle. 
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WHAT IS CLAIMED IS: 

1 . A permanent magnet type rotary electric machine 
comprising : 

a stator having a cylindrical stator core and a 
plurality of stator windings wound on said stator core; and 

a rotor having a cylindrical rotor core opposed to 
an inner circumferential surface of said stator core with a 
given gap defined therebetween, a plurality of permanent 
magnets embedded in said rotor core and arranged in a 
circumferential direction of said rotor core, and a pair of 
retainer plates mounted on the axial ends of said rotor 
core ; 

wherein the outer diameter of each of said retainer 
plates is set smaller than the outer diameter of said rotor 
core . 

2 . A permanent magnet type rotary electric machine 
according to claim 1, wherein the difference between the 
outer diameter of said rotor core and the outer diameter of 
each of said retainer plates is set to 1/2 or more of the 
difference between the inner diameter of said stator core 
and the outer diameter of said rotor core. 

3 . A permanent magnet type rotary electric machine 
comprising: 
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a stator having a cylindrical stator core and a 
plurality of stator windings wound on said stator core; and 

a rotor having a cylindrical rotor core opposed to 
an inner circumferential surface of said stator core with a 
given gap defined therebetween, a plurality of permanent 
magnets embedded in said rotor core and arranged in a 
circumferential direction of said rotor core, and a pair of 
retainer plates mounted on the axial ends of said rotor 
core; 

wherein each of said retainer plates is formed of a 

metal material having a resistivity of 10 ji Q cm or higher. 

4. A permanent magnet type rotary electric machine 
comprising : 

a stator having a cylindrical stator core and a 
plurality of stator windings wound on said stator core; and 

a rotor having a cylindrical rotor core opposed to 
an inner circumferential surface of said stator core with a 
given gap defined therebetween, a plurality of permanent 
magnets embedded in said rotor core and arranged in a 
circumferential direction of said rotor core, and a pair of 
retainer plates mounted on the axial ends of said rotor 
core ; 

wherein the outer diameter of each of said retainer 
plates is set smaller than the outer diameter of said rotor 
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core, and each of said retainer plates is formed of a metal 
material having a resistivity of 10 n Q. cm or higher. 

5. A permanent magnet type rotary electric machine 
comprising: 

a stator having a cylindrical stator core and a 
plurality of stator windings wound on said stator core; and 

a rotor having a cylindrical rotor core opposed to 
an inner circumferential surface of said stator core with a 
given gap defined therebetween, a plurality of permanent 
magnets embedded in said rotor core and arranged in a 
circumferential direction of said rotor core, and a pair of 
nonmagnetic members mounted on the axial ends of said rotor 
core; 

wherein each of said nonmagnetic members is formed 
of a nonmetal material. 

6. A permanent magnet type rotary electric machine 
comprising: 

a stator having a cylindrical stator core and a 
plurality of stator windings wound on said stator core; and 

a rotor having a cylindrical rotor core opposed to 
an inner circumferential surface of said stator core with a 
given gap defined therebetween, a plurality of permanent 
magnets arranged in a circumferential direction of said 
rotor core, and a pair of retainer plates mounted on the 
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axial ends of said rotor core; 

wherein the outer diameter of each of said retainer 
plates is set smaller than the outer diameter of said rotor 
core . 

7. A permanent magnet type rotary electric machine 
comprising : 

a stator having a cylindrical stator core and a 
plurality of stator windings wound on said stator core; and 

a rotor having a cylindrical rotor core opposed to 
an inner circumferential surface of said stator core with a 
given gap defined therebetween, a plurality of permanent 
magnets arranged in a circumferential direction of said 
rotor core, and a pair of retainer plates mounted on the 
axial ends of said rotor core; 

wherein each of said retainer plates is formed of a 
metal material having a resistivity of 10 fi Q cm or higher. 

8. A permanent magnet type rotary electric machine 
comprising: 

a stator having a cylindrical stator core and a 
plurality of stator windings wound on said stator core; and 

a rotor having a cylindrical rotor core opposed to 
an inner circumferential surface of said stator core with a 
given gap defined therebetween, a plurality of permanent 
magnets arranged in a circumferential direction of said 
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rotor core, and a pair of nonmagnetic members mounted on 
the axial ends of said rotor core; 

wherein each of said nonmagnetic members is formed 
of a nonmetal material. 

9. An electrically driven vehicle comprising: 

a battery for supplying a DC voltage; 

an inverter for converting said DC voltage supplied 
from said battery into an AC voltage; and 

a permanent magnet type rotary electric machine for 
outputting a drive torque for driving said vehicle at said 
AC voltage; 

said permanent magnet type rotary electric machine 
comprising : 

a stator having a cylindrical stator core and a 
plurality of stator windings wound on said stator core; and 

a rotor having a cylindrical rotor core opposed to 
an inner circumferential surface of said stator core with a 
given gap defined therebetween, a plurality of permanent 
magnets embedded in said rotor core and arranged in a 
circumferential direction of said rotor core, and a pair of 
retainer plates mounted on the axial ends of said rotor 
core; 

wherein the outer diameter of each of said retainer 
plates is set smaller than the outer diameter of said rotor 
core . 
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ABSTRACT OF THE DISCLOSURE 

A plurality of permanent magnets 6 are embedded in a 
cylindrical rotor core 8 and arranged in a circumferential 
direction of the rotor core 8. A pair of side rings 81 are 
mounted on the axial ends of the rotor core 8. The outer 
diameter of each side ring 81 is set smaller than the outer 
diameter of the rotor core 8. With this structure, an eddy 
current generated in each side ring 81 can be suppressed to 
thereby prevent abnormal heating and accordingly prevent 
thermal demagnetization of the permanent magnets 6. 
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Japanese Language Declaration 



^■m £ & *#fp mum i- m l x mr -tz #a ± £ t- mx a a 



POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this application 
and transact all business in the Patent and Trademark Office 
connected therewith (list name and registration number) 



Martin Fleit, Reg. No. 16,900; Herbert I. Cantor, Reg. No. 24,392; 
James F. McKeown, Reg. No. 25,405; Donald D. Evenson, Reg. 
No. 26,1 60; Joseph D. Evans, Reg. No. 26,269; Gary R. Edwards, 
Reg. No. 31,824; Jeffrey D. Sanok, Reg. No. 32,169; Richard R. 
Diefendorf, Reg. No. 32,390; and Paul A.Schnose, Reg. No. 
39,361 



fS3£tt3fc 



Send Correspondence to: 



Evenson, Mckeown, Edwards & Lenehan P.L.L.C. Suite 700 
1200 G St., N.W., Washington, D.C. 20005 



Direct Telephone Calls to: (name and telephone number) 



Telephone: ( 202)628-8800 
Fax: ( 202)628-8844 







Fuii name of sole or first inventor 
Keiji ODA 




art- 


Inventor's signature Date 

'kJLZL Qt/a /2/06 //99f 






Residence' 
Hitachinaka, Japan 






Citizenship 
Japan 






Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg., 5-1 , Marunouchi 1-chome, 
Chiyoda-ku, Tokyo 1 00-8220, Japan 



(^_iy.|%co#P%Bj#icc>V^Tfcll^iciEiJL^ Ss&Sri- (Supply similar information and signature for second and 
%>Z.k) subsequent joint inventors.) 



Page 3 of 4 



PTO/SB/106(8-96) 
Approved for use through 9/30/98. OMB 0651 -0032 
Patent and Trademark Office; U.S. DEPARTMETNT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 





mm- 




Full name of second joint inventor, if any 
Suetaro SHIBUKAWA 








s ^r ve %ari Date u f/ ° 1 


mm - 







Residence . . . _ . . 

I— tifoO'ttinol/'o lonon 
nild^Iiirialva, Jdpdil 


mm 






Citizenship 
Japan 


fmm 






Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg., 5-1 , Marunouchi 1-chome, 
Chiyoda-ku, Tokyo 1 00-8220, Japan 








Full name of third joint inventor, if any 








Third inventor's signature Date 








Residence 


mm 






Citizenship 








Post Office Address 








Full name of fourth joint inventor, if any 






B li- 


Fourth inventor's signature Date 


mm 






Residence 


mm 






Citizenship 


&»» 






Post Office Address 


m^&m 






Full name of fifth joint inventor, if any 






ra tt 


Fifth inventor's signature Date 


mm 






Residence 


mm 






Citizenship 








Post Office Address 



(M^Si ^©^lollglEj^fcol^-T t> H^i^lHft L, if-i& &"f (Supply similar information and signature for sixth and subsequent 
2> i i ) joint inventors.) 
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